projected energy, E SP BS is estimated from equations (1) and (2): The spin-projection method is a cost effective and reliable technique that can reproduce energy trends that are comparable to multi-reference methods such as CASSCF and CAS-PT2 10 . A survey of DFT methods was carried out to select an appropriate functional (see Table S1 ). On this basis, we selected the Minnesota meta hybrid functional M11 (an improved version of the Minnesota 06 functional series) 11 with Pople's basis set 6-31+G(d,p) 12 . This level of theory produced a value for the energy gap between the desired triplet ground state ( 3 Σ g -) and lowest excited singlet oxygen ( 1 Δ g ) of 21.7 kcal mol -1 , which is close to the experimental value of 22.5 kcal mol -1 13 . This chosen level of theory is thus used for all the geometry optimizations, frequency calculations and electronic energies reported in this study.
Solvation Gibbs free energies were calculated on optimized geometries with Cramer and Truhlar's SMD polarizable continuum solvation model 14 at the M11/6-31+G(d,p) level of theory. The calculations were performed in water. The Gibbs free energy of solvation ΔG solv was combined with the gas phase free energy so as to obtain free energy of solution G sol as follows: G sol = G gas + ΔG solv + ΔnRT ln(RT/P°). The term ΔnRT ln(RT/P°) is the correction term that accounts for passage of molecules from 1 atm to 1 mol/L in solution. The gas-phase Gibbs free energies at 298 K were calculated using the M11 geometries and frequencies in conjunction with the harmonic oscillator approximation. The enthalpy in the solution phase was obtained from the temperature dependence of G sol . The single imaginary frequency of transition states were visually inspected to ensure they were first order saddle-point structures and had the features required for bond breaking or forming. Intrinsic reaction coordinate (IRC) calculations were also performed at this level to confirm the connectivity of the transition state structures with their intermediates. 
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